Objective: To assess the coexistence of maternal adiposity and child stunting (CS) in Mexico, estimate its national prevalence and identify the associated socio-demographic factors. Methods: A secondary analysis from the Mexican Nutrition Survey 1999, a nationally representative survey, was conducted. Mother and children subsamples were matched and a total of 6225 mother/child pairs were obtained. Stunting was defined as height-for-age z-scores oÀ2.0. Maternal body mass index (BMI) was classified according to World Health Organization recommended cutoff points. Waist-to-hip ratio (WHR) was calculated by dividing waist by hip circumferences. Logistic regression models were fitted to explore the coexistence of CS and maternal central adiposity (MCA) (WHRX0.85) while controlling for biological and socio-demographic factors. Results: A total of 5974 pairs had complete information. MCA coexisted with CS in 6.2% of the mother/child pairs. The phenomenon was more prevalent in rural locations, in the south region and among indigenous families (14.5, 12.5 and 23.9%). After controlling for child age and maternal BMI, a 78% increase in the likelihood of CS was related to maternal WHR X0.85 (odds ratio (OR) ¼ 1.78, 95% confidence interval (CI) ¼ 1.53, 2.10). After controlling for maternal height, the magnitude of the OR decreased (OR ¼ 1.33, 95%CI ¼ 1.13, 1.57), but remained significant. Therefore, it is suggested that women with a WHR B1 have had twice the probability of having a stunted child as those with a WHR of 0.65. Conclusion: Although MCA and CS are two conditions frequently regarded as result of opposite determinants, our observation suggests that this is not necessarily the case, particularly in populations undergoing the nutrition transition. MCA was associated not only to chronic diseases, but also to child stunting.
Introduction
The familial coexistence of maternal overweight and child stunting (MOCS) is an emerging phenomenon observed mostly in developing countries undergoing the epidemiologic and nutrition transition. [1] [2] [3] According to the nutrition transition theory, populations tend to shift from under-to over-nutrition as they experience dietary and demographic changes associated with socio-economic development. [4] [5] [6] [7] [8] Thus, CS, reflecting chronic undernutrition, and adult overweight in developing countries have commonly been construed as resulting from different risk factors. 9, 10 Almost two decades ago, a hypothesis relating adult chronic disease to peri-natal undernutrition was proposed by Barker and his colleagues. According to this hypothesis, undernutrition early in life results in an increased risk of hyperinsulinemia, high blood pressure, obesity, diabetes and cardiovascular diseases. 11, 12 The proposed mechanisms include the expression of a thrifty genotype, alteration of diverse metabolic functions and regulation of energy intake as a response to poor health and nutrition conditions early in life. [13] [14] [15] [16] The association between early age undernutrition and adult overweight, adiposity and chronic diseases has been identified in a number of studies. This phenomenon could explain the coexistence of maternal overweight and child stunting (CS) as part of the same process at different stages in the life cycle. 17 A number of reports have described an association of stunting and obesity within the same households and in mother-child pairs. [1] [2] [3] A study on 535
families from shantytowns of São Paulo, Brazil, found that obesity associated with stunting was more common than obesity without stunting. 3 Likewise, a multicountry study of national surveys in China, Russia, Brazil and South Africa showed a significant association between stunting and obesity in children aged 3-6 and 7-9 years of age. 1, 3 A study based on three national surveys found that the coexistence of undernutrition and overweight occurred in 8% of households in China and Russia and in 11% in Brazil. These households represented a substantive proportion of the total households with an underweight member (China 23%, Brazil 45% and Russia 58%). 8 In Mexico, CS is one of the main public health nutrition problems, particularly among underserved groups including those in rural areas, the south and indigenous children. 18 From 1988 to 1999, the prevalence of stunting decreased by 22.4%, a low number when compared to countries such as Brazil and Colombia, which observed a 62.8 and 51% decrease, respectively, over the same period of time. The consolidated reduction in the prevalence of stunting for the Latin America and the Caribbean region was 34%, thus reflecting greater improvement than in Mexico. 19 This modest improvement was coupled with a dramatic change in the prevalence of overweight and obesity, which increased 78% in adults and 26% in children under 5 years of age during the same 11-year period. [19] [20] [21] [22] Although in Mexico maternal obesity is associated with a lower likelihood of CS, 23 some risk factors for stunting, such as poor maternal education and low socio-economic status, have also been associated with overweight and obesity. For example, in a recent nationwide representative survey, obesity was prevalent among 9.2% of men and 18.9% of women in the highest quintile of socio-economic status compared with 24.2% of men and 28.2% of women in the lowest quintile. 19 Thus, the double burden of under and overnutrition, might threaten the most vulnerable population. This paradox has been described in other Latin American countries. [24] [25] [26] Epidemological studies have found that the body mass index (BMI) is an adequate surrogate measure of adiposity. 27 However, this index does not identify body fat distribution. Diverse anthropometric measurements such as waist circumference and the waist-to-hip ratio (WHR) have been used as supplementary measurements to assess central body fat distribution. 28, 29 Higher WHR values could be a result of chronic malnutrition early in life reflected in a small hip circumference and low height and resulting, later in life, in a high WHR and central adiposity. 30, 31 Thus, the association between maternal central adiposity (MCA) and CS in developing countries such as Mexico could suggest that, among certain population groups, both undernutrition and obesity have a common set of determinants instead of being opposite outcomes of the nutrition transition. Children born to short mothers living in poverty may continue to be at increased risk of short stature. Such a common pathway would challenge the notion that MCA and CS represent opposite and unrelated outcomes of the nutrition transition.
The objective of this article is to analyze the coexistence of MCACS in Mexico, to estimate its national prevalence and to identify the associated socio-demographic factors.
Methods
The Mexican nutrition survey II This study is a secondary analysis of the second Mexican Nutrition Survey (MNS), a cross-sectional, multi-stage, stratified, cluster sampling representative survey conducted between October 1998 and March 1999. 21 The MNS collected data from 17 994 households, with a response rate of 82.3%. The survey was representative of four regional strata, North, Central, Mexico City and South, and of urban and rural areas. The four regional strata, with common geographic and socio economic characteristics, were (1) North: Baja California, Southern Baja California, Coahuila, Durango, Nuevo Leon, Sonora, Sinaloa, Tamaulipas and Zacatecas, (2) Central: Aguascalientes, Colima, Guanajuato, Hidalgo, Jalisco, Mexico, Michoacan, Nayarit, Querétaro, San Luis Potosí and Tlaxcala, (3) Mexico City and (4) South: Campeche, Chiapas, Guerrero, Morelos, Oaxaca, Puebla, Quintana Roo, Tabasco, Veracruz and Yucatan. This regionalization scheme has been used in diverse epidemiologic transition analysis for within country comparisons. 21, 24, 32 The subjects were classified as residing in urban and rural locations (X or o than 2500 inhabitants respectively). Indigenous families were identified as those in which at least one woman between the ages of 12 and 49 years of age spoke a native language. 19 Survey methods have been described in detail elsewhere. 33 The MNS collected data on socio-economic and demographic family characteristics, acute and chronic morbidity, nutritional status and dietary intake in a set of subsamples.
Anthropometric information
From the 17 994 households, complete anthropometric measurements (height (m), weight (kg), hip (cm) and waist (cm) circumferences were obtained from 17 900 women
Coexistence and child stunting in Mexico S Barquera et al between 12 and-49 years of age. We excluded from this analysis 831 women who were pregnant and those with a BMI 460 or o14 kg/m 2 (n ¼ 256). Anthropometric information (weight and height) was obtained from 7831 children o5 years of age. All measurements were collected by trained field workers following a standardized protocol. 32 Weight and supine height (in children o24 months) or standing height (in children X24 months and adults) were obtained using standard anthropometric procedures recommended by Lohman. 34 Weight was measured to the nearest 10 g using an electronic scale (Tanita, Model 1583, Tokyo, Japan), length (to the nearest millimeter) using a locally made measuring board of 1.3 m and standing height using a stadiometer with precision of 1 mm (Dynatop E1, Mexico City, Mexico).
Children. Anthropometric Z-scores for height-for-age (HAZ) and WHZ were calculated using the WHO/NCHS/ CDC reference standards. 35, 36 Children with a HAZ score value lower than À2 were classified as stunted. Self-reported health information Women were asked if they had been previously diagnosed with diabetes mellitus, high blood pressure or cardiovascular diseases. A positive answer classified them as having a non-communicable chronic disease.
Configuration of the mother-child pairs A total of 6225 mother-child pairs with valid anthropometric information were obtained. From this database, we excluded women with missing age information, o18 years of age and lactating, to avoid obesity misclassification (2.9%). Finally, underweight women (BMI o18.5 kg/m 2 ) were excluded in order to analyze obese and overweight women, relative to normal BMI women (0.9%).
Other relevant factors such as the father's influence on the anthropometric characteristics of the children were not taken into account because that information was not collected for the Mexican Nutrition Survey.
Statistical analysis
The expansion factors were recalculated for each motherchild pair in the database to adjust for sampling design effects and ensure that the data were representative of the population. The coexistence of CS with maternal overweight (BMI 425 kg/m 2 ), obesity (BMI 429.9 kg/m 2 ), waist 488 cm and WHR greater than 0.85 was calculated by location, region and indigenous background. 41 The multivariate logistic regression analyses were adjusted for the sample design effect using a complex survey analysis model with the STATA SVY module. Six logistic regression models were fitted to explore the adjusted association between CS as the dependent variable and maternal WHR as the main independent variable. Other variables introduced in the models were maternal height (cm) and maternal BMI (kg/m 2 ). To evaluate the strength of the association after controlling for previously identified strong correlates of CS, three models were fitted separately using one of the following sociodemographic indicators to avoid co linearity: rural or urban location, country region or indigenous background. 42, 43 All the multivariate logistic regression models were adjusted for child age in months and age-squared. To determine whether or not short mothers with high WHR were more likely to have stunted children than other mothers, the interaction between maternal WHR and height was included. As the mother-child pairs in this study included a mother and one or more children, so observations (mother-child pairs) were not necessarily independent. Therefore, models were replicated twice, selecting randomly one child per mother. As a last step, the adjusted probabilities of stunting for the range of maternal WHR were calculated to create a graph illustrating the association based on the third model estimated (see Results) . 23, 44, 45 All calculations were performed with SPSS release 12 (Chicago IL, USA) 46 and STATA release 6 (College Station, TX, USA). 47 
Results
The resulting analytic database comprised a total of 5974 pairs with complete anthropometric information corresponding to 4649 women with at least one pre-school child. The characteristics of the pairs are presented in Table 1 . The average maternal age was 28.7 years; 57.4% of the women were overweight or obese. The prevalence of women with a WHR greater than 0.85 was 29%. The average child age was 30.4 months, and the prevalence of CS was 17.3% (Table 1) . The mean WHZ was 0.1 (72.1). After dividing this indicator into tertiles, a positive trend was observed between this indicator and the mean waist, hip, weight (kg) and BMI (kg/m 2 ) measurements and a small negative trend with the mean child HAZ (Table 2 ). It should be noted that the first and second tertiles fall below the 0.85 cutoff point typically used to classify central obesity.
The national prevalence estimate of maternal overweight and CS was 6.1%. It was the same for the south region (6.1%), but higher in rural areas (9.7%), and among indigenous families (14.4%). The coexistence of obesity or Coexistence and child stunting in Mexico S Barquera et al abdominal obesity (waist 488 cm) with stunting was 2.0 and 2.3%, respectively. Central adiposity (WHR X0.85) coexisted with stunting in 6.2% of the mother-child pairs. However, in rural locations, the south region and among pairs from indigenous families, this phenomenon was more prevalent (14.5, 12.5 and 23.9%, respectively) ( Table 3 ).
After controlling for child age in multivariate models (Table 4) , maternal WHR greater than 0.85 was associated with a 40% increase in the likelihood of stunting (Table 4 (Table 4) were fitted to explore additional adjustments using either one of the following socio-demographic independent variables: area, region and Table 4 , models 4-6). After adjusting for these factors, the ORs for stunting by high WHR decreased but remained significant in models 4 and 6. The interaction between maternal WHR greater than 0.85 and height was not significant. After fitting models 1 through 6, selecting randomly one child per mother, results were similar (data not presented). The adjusted probability of stunting as WHR increases is presented in Figure 1 . Women with a WHR close to 1 had virtually twice the probability of having a stunted child as those with a WHR of 0.65 ( Figure 1 ).
Discussion
These results suggest that in populations undergoing the nutrition and epidemiologic transition, where maternal low height and overweight are common, maternal adiposity could be associated not only to chronic diseases, but also to CS. After adjusting for child age, maternal height and BMI, MCA (WHR X0.85) increased the likelihood of having a stunted child by 33% (Table 4 ). The highest probability of stunting was observed in women with a WHR close to 1.0 ( Figure 1) . The mechanisms for the coexistence of these conditions may include poor maternal nutritional conditions early in life, inadequate nutrition during pregnancy and suffering from physical characteristics that limit in uterus child growth such as low height and small hip circumference. These conditions could promote the development of central adiposity in children of low height later in life. 31 Thus, CS and high maternal WHR could be seen as related anthropometric conditions in certain cases. Mother-child analytic database from The Mexican Nutrition Survey II (1999). Adjusted for the sampling design effect. All models were adjusted for child age in months (n ¼ 5974 mother-child pairs). Test for trend for all factors were significant at the Po0.01 level. 
Child stunting
Maternal waist-to-hip ratio (WHR) Figure 1 Adjusted probability of having a stunted child in relation to maternal WHR.
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In contrast with countries like Brazil, where the association of MOCS was negative. 3 The MOCS prevalence in Mexico was 6.1%. Other countries from Latin America with a lower per capita income had a higher prevalence. 2 The prevalence of MCA CS was similar to the MOCS based on the observed data. However, WHR, not BMI, was significantly and positively associated to CS. A study analyzing central obesity indicators in Brazil found a significant association between low socio-economic level and glycemic alterations with WHR. Additionally, they found that WHR was significantly associated with low stature. 48 We found a higher likelihood of MCACS coexistence in less developed areas of the country: rural locations, the South region and in households from indigenous background. This is consistent with a previous study that reported a higher prevalence of the coexistence of these conditions in rural locations in seven out of eight Latin American countries. 28 and coronary heart disease. 53 Although the evidence linking early malnutrition to adiposity later in life is inconclusive, this study is consistent with other analyses in Latin-American populations, suggesting that the link is plausible. 2, 3, 31, 48 In this context, the groups identified as suffering from health problems related to undernutrition could be also at a higher risk of developing central obesity and chronic diseases. This is consistent with the rise of mortality owing to diabetes in the South region (92.3%) from 1980 to 2000, an increase significantly higher than that observed in the North (24.4%), Mexico city (7.8%) and Central (62.1) regions. 54 The coexistence of MCACS was more than four times higher in the South region than in the more developed North region (12.6 vs 3%, respectively) ( Table 3) , reflecting the double burden of child undernutrition and maternal risk for chronic diseases in the less developed regions of Mexico.
The accuracy of the WHR as a tool to evaluate central adiposity and chronic diseases risk in clinical and epidemiological settings is currently under debate. One concern is that measurement errors could be included in a ratio and that the interpretation of these, in terms of pathophysiology is difficult. 40 Numerous studies have found a higher association to diverse risk indicators using waist circumference instead of WHR, which in addition is easier to measure. 55, 41, 56 However, in a number of reports evaluating the association of waist circumference or WHR to diverse cardiovascular risk factors, the latter was an equal or better predictor than waist circumference. 29, 57, 58, 48, 51, 53 Stratifying by socio-demographic factors provided information consistent with previously reported analysis of stunting, overweight and obesity, and diabetes prevalence. 10, 42 Our results suggest a link between two conditions frequently regarded as opposite: maternal overweight and CS. Prospective studies are necessary to determine the mechanisms involved in this phenomenon.
